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Introduction 


The lecanium scale was introduced into Vancouver with nursery stock from 
England in 1903, and by 1910 had become firmly established. Sev ere injury to 
broad-leaved maple, vine maple and horse chestnut was reported in 1923, and 
chemical control operations were undertaken from 1924 to 1930, but with very 
transitory effects (9, 10). The encyrtid wasp, Blastothrix sericea (Dalm.), 
imported from England in 1928 and 1929, quickly became established at the 
liberation points in North Vancouver, and by June, 1930 had dispersed over an 
area of about 20 square miles. In April, 1931, tw igs with parasitized scales 
from North Vancouver were distributed at intervals throughout the main area 
of lecanium infestation south and east of Vancouver, and by June of that year 
the parasite was known to be established over an area of about 100 square miles. 
By 1932, the percentage of parasitism in the mature lecanium females reached 
90 to 100 per cent, and host population density was at very low levels (12, 13). 


Populations of Eulecanium coryli apparently remained very light for several 
years. Brief references (3) to negligible scale damage and the prevalence of 
Blastothrix sericea during 1937 to 1940 gave no indication of any change in the 
infestation status of the scale, although spread eastward as far as Chilliwack was 
recorded. In £941, a re-survey of the area was undertaken jointly by the authors 
and R. Glendenning, of the Dominion Entomological Laboratory, Agassiz, and 
infestations of variable intensity were found from Vancouver as far east as 
Agassiz and Rosedale, about 50 miles from the initial point of introduction. The 
scale was also found in well-established infestations in the Victoria district, on 
Vancouver Island. 


The investigations were carried out from 1941 to 1945. The seasonal 
development of Eulecanium coryli was observed, and the failure of proportions 
of the nymphs to develop to maturity, and of mature females to oviposit, was 
studied quantitatively. However, the principal object of the investigations was 
to clarify the host-parasite interrelationships, including the distribution of para- 
site progeny among the host scales, the success of parasitization in relation to 
superparasitism, and the relative importance of mortality caused by parasites and 
by other control factors. 


Methods 


Population counts were made at many points in the infested area from 1941 
to 1943. Later, the population counts were restricted to four study points in 
Victoria, four in Vancouver, and eight in the Fraser Valley between Green 
Timbers and Agassiz. At each study point, several trees were selected as the 
source of successive collections, which were made princ ipally in December- 
January, when the lecanium nymphs were dormant; in February-April, when 
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development was resumed or well advanced; and in May-June, when mature 
females were present. 


The sample unit in the collections was the distal 12-inch axial portion of 
twigs in the lower crowns of the trees, within limits accessible by pole pruner. 
The number of units per sample varied from ten or less in heavy “infestations to 
as many as 75 or more in very light infestations. Scale density per unit was 
determined, and the scales were preserved for study of parasitism. 


Several methods of examining the scales for parasitism were used. Young 
crawlers in the autumn, and dormant nymphs in December-January, were cleared 
in lactic acid-ethyl alcohol, cedar leaf oil and clove oil, or in benzene. They 
were examined under the compound microscope with transmitted light, or under 
the stereoscopic microscope at 100x with reflected light, for parasite eggs, the 
protruding pedicels, and young parasite larvae. 


After resumption of nymphal development, many of the parasitized nymphs 
become yellowish, but microscopic examination was “continued whenever it was 
desired to determine the actual distribution of the parasite in the scale population. 
Adult parasites of the first generation emerged from the host nymphs in April, 
and the emergence hole was easily detected. 


The occurrence of parasites in the swollen female lecanium adults in late 
April or early May was occasionally determined by clearing as described above, 
but the surface to be searched under the microscope for egg pedicels was very 
large. This method became increasingly difficult as the female scales dev eloped, 
and consequently parasitism in the fully developed females was determined by 
dissection, or by count of parasite emergence holes. The majority of distribu- 
tions of parasites in the adult females therefore related only to surviving parasites, 
and not to the parasite egg population, as in the case of the crawlers and young 
nymphs. 

Distinction between living and dead scales, where not evident by shrinkage 
and discoloration of the latter, was accomplished by the use of methylene blue 
(22) as an indicator of respiration. When immersed in a solution of methy lene 
blue under a grease-sealed cover slip, living scales were surrounded by a decolour- 
ized zone, whereas dead scales were not. 


Methods employed in the analysis of data are described later. 


Life-history of Eulecanium coryli 


The life-history of the lecanium scale in British Columbia was briefly 
described by Glendenning (9, 10). Eggs are deposited under the bodies of 
the females from early May until June. Hatching occurs during the latter half 
of June, and in our studies there was no evidence of a protracted hatching 
period through July and August as reported by Glendenning (9). The young 
crawlers promptly migrate to the leaves and feed on the upper, as w ell as the 
lower, surface during the summer. Migration back to the twigs occurs in the 
autumn, when the nymphs settle down in a fixed position on the twigs and 
become dormant. 


Development is resumed in January or early February, but growth is usually 
slow until March or early April. Differentiation of the males (elongation, waxy 
secretion, development of wingpads and genitalia) starts in late February or 
March and the sex of developing scales is clearly evident during April. “The 
winged males emerge in late April or early May and fertilize the then fully 
formed females. 


Nymphs on different hosts may differ slightly in size at any one time, 
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especially in January and February. The variations appear to be due to differ- 
ences in time of initiation of spring development, and tend to lessen or disappear 
as development proceeds. Representative measurements, based on samples of ten 
to twenty-five specimens at different times during the life-cycle, are shown in 
Table I. 


TABLE [ 


MEASUREMENTS, IN MILLIMETRES, OF Eulecanium coryli aT VARIOUS PERIODS 
DuRING THE LIFE CYCLE 








| Mean | Mean 
Stage | Date Host length | width 
ST Ae rere SS eR ere . a 21 
Newly emerged crawlers...... June 23 | - 48 | 31 
Crawlers. ..... ..| Sept. 28 | foliage, ornamental plum. . 1.08 61 
Dormant nymphs. Hine ..| poe. 7 twigs, ornamental plum. . 1.08 61 
Dormant nymphs...... 0d es ae twigs, ornamental plum... 1.11 63 
Developing nymphs... . ..| Feb. 16 | twigs, ornamental plum... 1.49 85 
twigs; linden...... : 1.45 .82 
Developing nymphs. ... ...| Mar. 16] twigs, linden... . 1.77% 1.15 
1.58%) 1.04) 
Adult females......... .| June 15 twigs, linden. 5.6 3.2 
‘) Unparasitized 


‘2) Parasitized 


Mortality in the Nymphal Population 

Insufficient samples of the lecanium population were taken during the 
summer season to permit an accurate estimate of mortality in the leaf- -feeding 
phase of the life-cycle. However, in unreplicated samples taken in Victoria in 
July, 1942 and in August, 1943, mortality of the crawlers ranged from 8 per cent 
to 16 per cent. This mortality was not caused by parasitism, since Blastothrix 
eggs were not deposited in the scales until autumn. Whether Blastothrix adults 
destroy the crawlers and older nymphs by predation, in the manner characteristic 
of Metaphycus helvolus (Comp.) in its relations with the black scale (5), was 
not determined. 

Additional lecanium mortality occurred during the autumn and the winter. 
The mortality summarized in Tabie II was not caused by parasitism, since develop- 
ing parasites ‘did not kill their hosts until late March or April. The estimates of 
winter mortality are probably conservative, owing to gradual dropping of the 
dead nymphs from the twigs. Winter mortality tended to be least in the 
Victoria district and greatest in the Vancouver district. 


TABLE II 


WINTER MortTALity IN NYMPHAL PopPuLATIONS OF Eulecanium coryli. 


(The sample of 1941-1942 was taken in DECEMBER, THOSE OF 1942-1943 AND 
LATER YEARS WERE TAKEN IN FEBRUARY—EARLY MARCR). 





| 








1941-1942 | 1942-1943 | 1943-1944 | 1944-1945 


| No. in % | No. in % No. in % No. in % 
| Sample Dead | Sample Dead | Sample Dead | Sample Dead 





Lo. 1,108 10.2 4,671 13.0 10,768 20.2 1,242 0.5 
Vancouver... .. a — — | we 44.1 5,343 27.8 769 13.8 





Fraser Valley. ...... — — | 5,289 42.5 4,672 24.1 | 5,178 3.3 
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Underdevelopment in Eulecanium coryli 

Not all surviving nymphs resumed development in late winter or early 
spring. Many nymphs in samples collected in February were still dormant 
and had not grown since December. To determine whether dormancy would 
persist under more favourable conditions, scale-infested twigs collected in 
February were inserted in water and incubated for two to three weeks. The 
percentages of underdev eloped nymphs in the incubated samples, and in others 
analyzed directly on collection in April, are shown for a number of representative 
paired samples in Table III. In all the February samples but two, considerable 
underdevelopment persisted in the incubator under conditions which prompted 
leafing and blossoming of the host twigs, and rapid development of the remaining 
lecanium nymphs. Extensive underdevelopment still persisted in the field popu- 
lation in April. 


TABLE III 


UNDERDEVELOPMENT IN Eulecanium coryli, BASED ON NYMPHAL SAMPLES COLLECTED 
IN FEBRUARY AND INCUBATED FOR 2 TO 3 WEEKS BEFORE ANALYSIS, AND ON NYMPHAL SAMPLES 
COLLECTED AND ANALYSED IN APRIL 








February Sample APRIL SAMPLE 
Locality Host No. in % No. in 
Sample _ retarde d Sample retarded 
Vintotia......:... ; See linden 588 22:5 808 34.0 
horse chestnut 734 16.0 756 34.6 
maple 1,515 30.9 781 31.5 
Vancouver. . .| elm 972 36.5 666 14.4 
Chilliwack .| ornamental plum 109 0 741 5.4 
linden 220 11.8 676 13.8 
Rosedale ornamental plum 155 0 147 6.8 
Deroche....... ; iateaa plum 163 ee ae i a5 


Nymphs which were underdeveloped in April did not later resume rapid 
development and thereby come into phase with the advanced portion of the 
population. In Victoria, at mid June, 1943, it was noted that the underdeveloped 
scales had not grown since April. Fours sets, of successive samples (Table IV) 
permit comparison of underdevelopment as recorded in the nymphal population 
of April, and in the predominantly adult population of May-June. Samples taken 
in May-June did not include the scale coverings of the short-lived lecanium males, 
nor the skeletons of nymphs killed by parasites in April, owing to gradual 
sloughing off. Therefore it was necessary to estimate, in the manner shown at 
the bottom of Table IV, the number of males and of parasite-killed nymphs that 
should be regarded as part of the overwintered population. The estimated 
importance of underdevelopment, in relation to the predominantly adult popu- 
lation of May-June, was similar to the observed proportion of underdeveloped 
nymphs in April, in three of the four series. Nymphs w hich remained under- 
developed in May-June were presumably permanently withdrawn from the 
breeding lecanium population. 


The proportion of the nymphs that failed to develop was quite variable 
between years and localities (Table V). It was higher in the Victoria district 
than on the mainland, but the highest level of underdev elopment did not occur 
in the different localities in the same year. The data shown in Tables III and IV 
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TABLE IV 


COMPARISON OF OBSERVED PROPORTION OF UNDERDEVELOPED NYMPHS IN APRIL, AND ESTIMATED 
PROPORTION OF UNDERDEVELOPED NYMPHS IN THE MAY-JUNE POPULATION 




















Locality | Date of | Developed scales Under- | Scales Per cent of 
and Host | sample aA Leu Pte developed killed by | Total} population 
| scales parasites |  Under- 
Male |Female} Total developed 
Victoria April 20 
horse chestnut} 1943 Ps sa a 46 46 139 38:1 
| May 17 | | 
1943 22 74 | 96 149 (122) | (367) | 40.6 
| 1 
Victoria April 21 
linden 1944 160 181 | 341 275 192 808 34.0 
| | 
June 26 | | 
| 1944 | (228)| 258 | (486) 76 (175) | (737) | 10.3 
2 a 4 
Victoria April 10 
horse chestnut 1945 34 32 | 66 30 16 112 26.8 
May 28 
1945 | (63) | 59 | (122) 79 (33) | (234) | 33.8 
4 5 
Victoria April 10 | 
linden 1945 88 117 | 205 64 20 289 | 22:2 
May 28 | 
| 1945 (70) 93 (163) 55 (16) (234) 23.5 
5 aS a EE MAE NG. I hak 
(1) Estimated, 46 x 96 + 149 (4) Estimated, 34 x 59 
———— = 122 — = 63 
47 + 46 32 
(2) Estimated, 160 x 258 (5) Estimated, 16 x 122 + 79 
— = 228 ———— = 33 
181 66 + 30 
(3) Estimated, 192 x 486 + 76 (6) Estimated, 88 x 93 
————— = 175 — = 70 
341 + 275 117 
(7) Estimated, 20 x 163 + 55 
———. = 16 
205 + 64 


suggest a host difference in underdevelopment, in addition to variations traceable 
to locality and year. The combined records for 1943, 1944, and 1945 strengthen 
the evidence as follows: 


Host tree Per cent nymphal 
underdevelopment 
linden, horse chestnut, maple 32 to 35 
apple 21 
alder, elm 14 to 15 
plum 6 


However, it is impossible to isolate the influence of host, locality, and year, since 
different localities were represented by different series of host trees, and the 
nymphal samples were not always taken from the same series of trees for study 
of underdevelopment in successive years. The evidence of host-related under- 
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development in the lecanium nymphs suggests the need for critical phenological 
and physiological studies of the early seasonal development of the host tree and 
the scale population. 


TABLE V 


UNDERDEVELOPMENT IN Eulecanium coryli, BY LOCALITY AND YEAR, 
BASED ON NYMPHAL SAMPLES COLLECTED IN APRIL 





1943 1944 1945 
No. in % No. in % No. in % 
sample under- | sample under- | sample under- 
developed developed developed 
Victoria district...... ; 1 833 20.7 4,367 45.1 659 36.0 
Vancouver district. . . . 1,060 5.7 286 23.4 
PURO WOE sik ceed cra acces 3,544 10.0 1,020 14.6 


Sex Ratio 

The proportion of females, based on 9,763 developing nymphs examined from 
late March to early May, 1942-1945, averaged 64.0 per cent. In separate years, 
the proportion of females varied from 60.1 per cent to 68.1 per cent. These 
results are in marked contrast with the report by Glendenning (9) that females 
comprised only about one-quarter of the adult lecanium population in the early 
1920’s. 


Unproductive Female Scales 

Considerable numbers of the adult female scales failed to deposit eggs. The 
proportion of the adult females that failed to oviposit was 31 per cent in 1943, 
19 per cent in 1944, and 34 per cent in 1945, based on samples from all localities 
and host trees. The unproductive females were fully formed in late spring, but 
at the normal oviposition period, the ovaries contained discoloured and com- 
pacted ova. A loose mass of waxy threads occupied the cavity under the body. 

Failure to lay eggs was not due to parasitism. Imms (14) attributed non- 
productivity to lack of fertilization. This explanation was confirmed by a 
simple experiment, in which two lots of 50 maturing females on apple twigs were 
placed in jars, March 29, 1943. Twenty-five newly emerged males were supplied 
to one jar, whilst males were excluded from the other. After three weeks, the 
females were examined. None of those denied fertilization had deposited eggs, 
whereas 36 of those to which males had had access had oviposited. 

Comparative data on the sex ratio and frequency of productive females, based 
on combined records, for all study points, are shown in the following synopsis. 


1943 1944 1945 

Sex ratio, per cent females. visisscciing i en 60.1 68.1 
per cent males_ —_ slate ania easel 33.4 39.9 31.9 

Per cent of females productive Chen ree ee 69.0 80.8 65.5 
Productive females as per cent of adult population__46.0 48.6 44.6 
Ratio of productive females to available males 1.38 1.22 1.40 


The lowest percentage of productive females coincided with the lowest 
relative abundance of males in 1945. The highest percentage of productive 
females, in 1944, was associated with the highest relative abundance of males. 
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The ratio of the number of productive (fertilized) females per male, however, 
was least when males were most abundant. The data, while not exact, owing 
to the rather extensive sampling basis, indicate that seasonal variations in the sex 
ratio of Eulecanium coryli may account for much of the seasonal variation in the 
proportion of productive female scales. 


Life-history of Blastothrix sericea 

The biology of Blastothrix britannica Gir. (=B. sericea Dalm.) (15) has been 
described by Imms (14), from whose paper points of especial interest are cited 
herewith: 1) The egg is deposited so that about four-fifths of the pedicel pro- 
trudes to the exterior of the host scale; 2) the first-instar larva has a metapneustic 
tracheal system, is attached by means of the persistent chorion to the host 
body-wall and feeds upon the blood plasma and fat-body adjacent to the point 
of attachment; 3) the second-instar larva is similar to the first in being meta- 
pneustic and in feeding habits, but in the latter part of the stadium the larva 
loses its attachment to the body-wall; 4) the third-instar larva has nine pairs of 
open spiracles, lies freely in the body cavity of the host, devours the fat-body 
and the various internal organs, and only when fully grown discharges the 
contents of the alimentary canal; 5) the parasite has two generations per annum, 
one attacking the nymphs, the other attacking the adults of Lecanium capreae 
(Linn.) (—L. coryli (Linn.)) (6); 6) nymphs never finally support more than 
one parasite, although rarely two or three eggs are deposited in the nymphs; 7) 
parasitized nymphs are invariably killed by the developing Blastothrix larva; 8) 
adult females of Lecanium capreae may support over 40 growing parasites with- 
out apparent consequence on fecundity or viability of the eggs. 


Blastothrix sericea, in southwestern British Columbia as in England, has two 
annual generations in Eulecanium coryli. Crawlers examined during July or 
August were invariably free of parasites, but about mid-September parasite eggs 
were laid in the nymphs on the foliage and increased numbers were found in 
samples taken from the foliage early in October and in others taken from twigs 
early in December. There was no further increase in the number of parasites 
in later samples. Deposition of the first generation eggs is therefore believed to 
extend from shortly before the middle of September until after early October, 
but not beyond early December. 


Some of the first generation eggs hatch by December, but most do not hatch 
until January or February. Well developed larvae are found from late February 
through March, or in backward seasons, until late in April. Pupae occur from 
early March to the third week of April. Adult emergence of the first generation 
has been noted from April 10 to the end of the month. The period of develop- 
ment is considerably influenced by variations in weather and apparently by 
development of the host scales. 

Eggs of the second generation of Blastothrix sericea are deposited during 
May in scales which escape or survive parasitization by the first generation. 
They are deposited very largely, though perhaps not exclusively, in actively 
developing females. This is illustrated by a series of samples taken in Victoria 
in 1943, wherein the number of parasites in each nymphal and adult scale was 
determined microscopically (Table VI). It is noteworthy that the retarded 
nymphs collected May 17 contained no more parasites than the retarded nymphs 
collected April 20 before the emergence of the first generation Blastothrix adults. 
In contrast, the developed females on May 17 contained about fifteen times as 
many parasites as the developing nymphs collected a month earlier. Develop- 
ment of the second generation of Blastothrix is rapid, and adults usually emerge 
in the second half of June. 
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Females comprised about 65 per cent of the Blastothrix adults recovered 
from nymphal hosts, and 76 per cent of the larger number of adults recovered 
from mature female lecanium hosts. 

The account of the two generations of Blastothrix in England (14) indicates 
that the parasite is continually in close association with its lecanium host. Parasite 
adults emerged from the fully formed female scales from late June through 
August, and eggs were laid in the minute ny mphal scales in late August and early 
September. This generation (called the second generation by Imms, but corre- 
sponding to what is called the first generation in this paper) matured in the 
nymphs during the following May and June, and eggs were then laid in the 
rapidly developing female scales which escaped parasitization in the previous 
autumn. Thus the annual cycle was completed. 

In southwestern British Columbia, the first generation Blastothrix eggs were 
never found in the nymphal scales earlier than September 18, although Blastothrix 
adults emerged from the fully-formed female scales in the latter half of June, and 
the young Eulecanium craw ylers were on the foliage from early June onwards. 
In each of the years 1942, 1943, and 1944 there was thus an interval of two and 
one-half months when the parasite was apparently not associated with the scale. 
The lack of association at this time of the year in each of three seasons could 
hardly have been an exception to the normal behaviour. It is possible that 
Blastothrix utilizes an alternate host during July and August, but this was not 
confirmed. The only certain evidence that Blastothrix sericea utilized another 
host at any time was the recov ery of a series of adults from scales (? Physokermes) 
collected on Douglas-fir trees near Victoria. However, these scales were used 
as hosts at the same time that the full-grown females of Eulecanium coryli were 
available. Silvestri (cited in 4) observed that the Blastothrix females refused to 
oviposit in young host scales during the summer. At this period the ovaries 
were underdev eloped, but reproductive activity commenced in the autumn. 


Data on hatching and survival of Blastothrix are presented in a later section. 


Distribution of First Generation Blastothrix Eggs in Nymphal Scales 


When eggs were first deposited there was usually little evidence of super- 
parasitism. However, parasitization continued during the autumn and a con- 
siderable degree of superparasitism ultimately resulted, especially where parasite 
egg density was relatively high. Table V Il shows a few typical series. 

The distribution of parasites among the available hosts is of interest in so far 
as the results can be interpreted in terms of discrimination or restraint on the 
part of the ovipositing female. Moreover, the distribution may be of considerable 
importance in assessing the “efficiency” of a parasite as a biological control agent. 
The distribution of first generation Blastothrix eggs was studied in 89 samples of 
lecanium nymphs collected in the field from 1942 to 1945. One of the principal 
objects was to determine whether the eggs were distributed at random. Two 
criteria of randomness were applied: 1) a Chi-square test of the goodness of fit 
of the actual distribution with the theoretical distribution calculated from the 
Poisson series, following the method illustrated by Snedecor (20); 2) a test of 
the significance of the departure from unity of the ratio, variance/mean, as 
described by Blackman (1). The latter test was especially useful where little 
superparasitism occurred, and where, accordingly, no degrees of freedom were 
available for a Chi-square test of goodness of fit. 

An example is shown at the bottom of Table VII. The distribution of 
March 6, 1945, is random as judged by Chi-square (P—.769). Furthermore, 
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Fic. 1. Per cent parasitism in 89 nymphal samples of Eulecanium coryli in relation to average 
number (mm) of eggs of Blastothrix sericea per nymph. Round dots represent samples with 
random distributions of eggs, triangles represent samples with non-random distributions. The 
curve R relates per cent parasitism to m in perfectly random distributions (see text). The 
straight line P represents “potential” parasitism, assuming entire absence of superparasitism. 


variance/mean equals 1.079 (departure from unity is .079), whereas the maximum 


, ; ~2n , or 0.201. 
departure from unity consistent with randomness (1) is 2 (i)? 
; n-1)2 
Therefore by both criteria the sample conforms to a random distribution. 
Values of the ratio variance/mean (coefficient of dispersion) less than unity 
imply underdispersion, or fewer extreme cases than would be expected in a purely 
random distribution. Values greater than unity indicate overdispersion. How- 
ever, Blackman (1) points out that the coefficient of dispersion is not a sensitive 
test for certain skew distributions, and cannot always be relied on as a measure 
of randomness. Therefore, in these studies reliance was placed on the Chi-square 
test of goodness of fit, wherever this was permitted by the number of degrees 
of freedom. 
The first term of the Poisson series, namely, 1, where e is the base of natural 
em 


logarithms, and m is the average number of parasite eggs per scale in the sample, 
defines the proportion of scales in a purely random distribuption, having 0 
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parasite eggs. That is, the first term represents the unparasitized portion of the 
sample. The parasitized portion, including scales with 1, 2, 3,....... ete. 
— parasites, is therefore 1— 1; and the percentage of parasitism in a random 
‘Mm 
distribution is 100 (1— 1). This theoretical percentage of parasitism is thus 
em 

defined solely by ™, as shown by the curved line (R) in Figure 1. If Blastothrix 
females, in ovipositing, discriminated perfectly and exercised restraint against 
nymphal scales already parasitized, there would be no cases of superparasitism, 
and every parasite egg deposited would contribute equally to the percentage of 
parasitism in the scale population, up to the limit where every scale contained 
one parasite. In such a system, actual parasitism would equal potential para- 
sitism. Such an ideal relationship is shown by the straight line (P). 
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The actual percentage of parasitism in each of the 89 samples of nymphs is 
plotted over the average number of parasite eggs per nymph, in Figure 1. Each 
sample is identified as random or non-random. The inset at the right-hand 
portion of the figure is an enlargement to illustrate more clearly the relations 
between the actual percentages of parasitism and the curves R and P, in samples 
F with very low values of m. The parasite eggs were distributed at random in 59 
of the 89 samples. Actual percentage of parasitism coincided exactly with 
potential parasitism (i.e. there was a complete absence of superparasitism) in 
only ten samples with low parasite egg densities (7 less than 0.11). The degree 
to which the percentage of parasitism in random and non-random samples 
> 0 approached the theoretical percentage of parasitism is summarized in Table VIII. 
Eighty per cent of the non-random samples had percentages of parasitism higher 
by at least 1 per cent than expected, whereas only 30 per cent of the random 
samples had an equivalent excess over expected parasitism. Among the entire 
series of samples, parasitism tended to be higher than would occur in perfectly 
random distributions. 
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Figure 2 shows the relation between actual and theoretical parasitism in 
samples plotted over the coefficient of dispersion. Unexpectedly high parasitism 
almost invariably occurred in samples having underdispersion of parasite eggs 
(coefficients less than unity); and unexpectedly low parasitism was clearly char- 
acteristic of samples having overdispersion of parasite eggs (coefficients greater 
than unity). In the few exceptional samples in the upper right quadrant of 
Figure 2, there was underdispersion at the lower end of the series (deficiency of 
nymphs with 0 parasite eggs), but slight overdispersion at the upper end of the 
series, sufficient to increase the variance above the mean. It is noteworthy that 
the majority of non-random samples had coefficients of dispersion of about 0.8 
or less, and parasitism ratios of about 1.1 or higher. 
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Three non-random samples are summarized in Table IX. The first sample 
had a great deficiency in the class, one parasite per nymph, and a great excess in 
the other classes. The distribution was greatly overdispersed and parasitism 
was relatively far below the theoretical parasitism. Only four other samples had 
similar characteristics. These are the non-random samples in the lower right 
quadrant of Figure 2. 
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In the second sample there was very close accord of the actual and expected 
number of nymphs with 0 parasites, and consequently of the actual and theoretical 
percentages of parasitism. However, the number of nymphs with 1, 2, 4 and 
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COEFFICIENT OF DISPERSION, V/M 


Fic. 2. The relation of parasitism ratio (actual per cent parasitism/theoretical per cent 
parasitism) to the coefficient of dispersion in 89 nymphal samples of Eulecanium coryli. 
Round dots represent samples with random distribution of eggs, triangles represent samples 


with non-random distributions. 
‘ 


more parasites departed greatly from the theoretical numbers, and the distribu- 
tion was clearly non-random by both criteria. The sample was unique among 
the entire series, in that although non-random, the parasitism ratio was very close 
to unity. 

The third sample had an excess of nymphs with 1 parasite, and a deficiency 
of nymphs with 0, 2, or more parasites. The distribution was therefore greatly 
underdispersed, and actual parasitism was greatly in excess of expected parasitism. 
The coefficient of dispersion departed from unity by only 0.265, whereas the 
maximum departure consistent with randomness in a sample of 93 is 0.296. 
Nevertheless, the more critical test of goodness of fit showed the sample to be 
significantly non-random. This sample was typical of the non-random samples 
shown in the upper left quadrant of Figure 2. 

The curve of theoretical percentage of parasitism, based on m in a random 
distribution of parasite eggs among the host scales, rises very slowly at the higher 
levels, as shown in the accompanying synopsis. 
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Average number of parasite Theoretical per cent parasitism 
eggs ve scale (00 — . )) 
1.612 80.00 
2.303 90.00 
2.996 95.00 
3.912 98.00 
4.606 99.00 
6.908 99.90 


The highest density of parasite eggs in any of the nymphal samples was 
1.786, and the corresponding percentage of parasitism was 89.0 per cent. To 
effect an increase of an additional ten per cent parasitism, the number of deposited 
parasite eggs in a random distribution would have to be increased by over 150 
per cent. This giv es some measure of the improbability that very high pro- 
portions of the ny mphal populations are likely to be parasitized by Blastothrix. 


Density Relationships of First Generation Blastothrix Eggs and the 
Nymphal Hosts 


The av erage number of nymphs per 12-inch twig was extremely variable, 
ranging from less than one to over 284 in different samples. The ‘variability 
seemed to be independent of locality. Extremely high and low densities occurred 
in the Vancouver district which was infested soon after 1903. The highest 
nymphal populations occurred on linden, ornamental plum, elm, horse chestnut, 
and apple. The range in average population levels on the different hosts from 
1942 to 1945 is shown below: 


linden 0.75 to 284.6 per 12-inch twig 
elm 1.0 to 233.0 per 12-inch twig 
ornamental plum 3.64 to 218.7 per 12-inch twig 
horse chestnut 1.64 to 207.2 per 12-inch twig 
apple 2.7. to 181.8 per 12-inch twig 
hawthorn 3.2 to 31.3 per 12-inch twig 
red alder 2.0 to 24.0 per 12-inch twig 
maple 3.5 to 18.8 per 12-inch twig 


Blastothrix eggs were found in every sample of lecanium nymphs examined 
in these studies. In some samples the distribution of parasite eggs was determined 
for the nymphs of each 12-inch twig unit separately. Among eleven samples 
suitable for critical analysis, only three had homogeneous distributions of the 
parasite eggs, whereas the remaining eight had heterogeneous distributions. In 
the latter, Blastothrix eggs were relativ ely more abundant on the more lightly 
infested twigs than on those with large numbers of lecanium nymphs. There 
were insufficient twig units in any sample to permit analysis of the regression of 
parasite egg density on the number (or log. number) of nymphs per twig. 
Nevertheless, when the samples were divided into three sub- -samples on the basis 
of nymphal population per twig, parasite egg density per sub- -sample tended to 
decrease as ny mphal density increased. Two series are summarized below: 


Sample Sub-samples Parasite egg density 
450 nymphs, apple (a) 149 nymphs, 0.798 
Victoria, Dec. 7, 1942 less than 20 per twig 
Ave. No. per twig, 18.8 (b) 121 nymphs, 1.074 
Ave. parasite egg density, 0.769 20 to 30 per twig 

(c) 180 nymphs, 0.538 


over 30 per twig 
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962 nymphs, plum (a) 246 nymphs, 0.317 
Victoria, Dec. 7, 1942 less than 80 per twig 
Ave. No. per twig, 96.2 (b) 395 nymphs, 0.248 
Ave. parasite egg density, 0.254 80 to 112 per twig 

(c) 321 nymphs, 0.212 


over 112 per twig 


The lowest parasite egg density occurred in the highest sub-sample in Six 
of the eleven series, in the intermediate sub-sample in four of the series, and in 
the lowest sub-sample in only one series. 


The evidence of an inverse relation between parasite egg density and host 
density was tested more rigorously in 71 nymphal samples from all hosts and 
study points. The following regression equation was calculated from the data: 

m = 0.725 — .142s 
where m is the number of parasite eggs per ny mphal scale, and s is the logarithm 


of the number of nymphs per 12-inch twig. The regression coefficient, .142, is 
significant (P about .04). 


On the average, therefore, parasite eggs were deposited relatively less 
frequently i in very dense nymphal populations than in others where host density 
was not so great. The highest parasite egg density per nymph observed in these 
investigations was 1.786, in a population which averaged 9.2 nymphs per 12-inch 
twig. Not one of the ten parasite egg density ratings which exceeded 1.0 (see 
Figure 1) was associated with a scale population exceeding 56 nymphs per 
12-inch twig. On the other hand, of 11 samples in which scale density exceeded 
100 per 12-inch twig, only one had a parasite egg density in excess of .668. The 
host-parasite density relationships determinable from field samples suggest, there- 
fore, that Blastothrix sericea was relatively less effective in dense populations of 
Eulecanium coryli than in lighter ones. 


Percentage of Blastothrix Hatch in Relation to Egg Density 

The proportion of Blastothrix eggs which hatched in individual nymphs 
was determined by microscopic examination of cleared specimens. Table X 
shows the detailed records for one sample, and summaries for 1943 to 1945 
inclusive. Although the general level of hatch varied considerably, there was 
a consistent decline in hatch j in the nymphal hosts containing successively larger 
numbers of eggs. The average hatch dropped from 77.3 per cent in ny mphs 
containing a single Blastothrix egg to 40.3 per cent in nymphs containing four 
or more eggs. 

Since percentage of hatch is evidently related to the number of parasite eggs 
per nymphal host, and since superparasitism is greater at the higher values of 
parasite density, one might expect to find a relationship between percentage of 
hatch and average parasite egg density in various populations. Samples from 
thirty-two populations were analyzed for regression, and there was a gradual 
drop in hatch with increase in parasite egg density, as indicated by the regression 
equation, 

Percentage of hatch — 72.060 — 3.340 m, 


where m equals the average number of parasite eggs per nymph in the population. 
However, the regression coefficient (3.340), determined on the assumption of a 
rectilinear relationship, was not significant. {It might be more valid to propose 
a curvilinear relationship between percentage hatch and average parasite egg 
density, but the available data were inadequate for the purpose. 
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TABLE X 


The Relation of Percentage Hatch in Blastothrix to the Number of Eggs per Nymphal 
Host, as Shown by Detailed Records for one Sample, and by Summary Data 
for 1943 — 1945. 


No. eggs hatched Nesber of eggs or nymph 



































Description per nymph . l 
1 2 3 4+ 
183 nymphs 0 5 6 1 2 
ornamental plum 1 64 11 2 | 0 
Chilliwack, Mar. 1, 1944 2 28 6 | 1 
47 nymphs not 3 6 | 3 
parasitized, 136 nymphs 4 - | | 1 
with eggs as shown. No. of nymphs 69 45 | 7 
Total eggs, 238 No. of eggs 69 | 90 45 | 34 
Total hatch, 74.8% No. of hatched eggs 64 oe | 2 | #8 
Per cent hatch 92.8 74.4 an.8:) S64 
1943 summary, Vancouver No. of eggs 300 | 66 s | 
and Fraser Valley Per cent hatch 78.3 | 25.8 | _ fae 
1944 summary, Victoria No. of eggs 350 | 288 135 | 73 
Per cent hatch | Be | BA 20.7 ) Al. 0 
1944 summary, Vancouver No. of eggs | 583 506 261 + |. 163 
and Fraser Valley Per cent hatch | 77.4 | 64.6 60.8 | 45.4 
1945 summary, Victoria | No. of eggs | 211 | 204 | 90 | 47 
Per cent hatch a.3 | BSA 13.0 | 68.1 
: = | ey fos 
1945 summary, Vancouver | No. of eggs | 386 | 104 24 | — 
and Fraser Valley Per cent hatch | 90.7 | 77.9 75.0 | - 
All samples, 1943-45 No. of eggs | * 1830 1168 513 283 


Percent hatch | 77.3 | 59.0 | 52.8 | 40.3 


Development and Mortality in Eulecanium Nymphs in Relation to 
Intensity of Parasitism 


Winter-killing of the lecanium nymphs accounted, in different years, for 
variable proportions of the population, ranging from less than 5 per cent to over 
40 per cent. To determine whether winter-killing was related to parasitism, 
parasite egg distribution was studied in living and dead nymphs in seven collections 
from Victoria, Vancouver and the Fraser Valley, in February, 1944 (Table XI). 
Parasite hatch at the time of collection was 48 per cent in the living nymphs, 
and 20 per cent in the dead nymphs. Clearly, winter-killing of the host was well 
under way before hatching of the parasite eggs, and seemed not to be influenced 
by the fact of parasitization, since mortality in the nymphs with 0 and with 1 
parasite egg was almost identical, namely, 25.7 per cent and 25.2 per cent, respec- 
tively. There was a gradual rise in mortality in nymphs with two or more 
parasites. However, there were comparatively few superparasitized nymphs in 
the sample, and the apparent increase in mortality is of doubtful validity. 


Nymphs which were not winter-killed were, by late April, separable into 
three groups: 1) recently killed by the developed parasite; 2) well developed; 
and 3) underdeveloped. Samples collected in Victoria, April 20, 1943, com- 
prising nymphs of all three groups, were examined for parasite distribution 
(Table XII). In making deductions from the data, it is assumed that nymphs 
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TABLE XI ce 
Distribution and Hatch of Blastothrix Eggs in Living and Dead Nymphs, di 
February, 1944. sil 
Number of eggs per nymph 
oO 
; Total os 
0 1 2 3 doe 
ae : SER Lot en 8 eee PAE aE ONS eee (eee ERS at ce 
ie | a | fa 
Living nymphs, 0 eggs hatched 788 198 | 50 16 8 7 
Living nymphs, 1 or more eggs ce 
hatched 260 126 40 10 p 
Sub-totals, Nymphs 788 458 176 56 18 1,496 st 
fi CN Se a eS Ne tee ir 
Eggs 0 458 352 168 79 1,057 
Hatched eggs 0 260 168 64 15 De 507 t 
Cc 
Dead nymphs, 0 eggs hatched 272 121 49 19 6 Vv 
Dead nymphs, 1 or more eggs hatched 33 20 9 8 c 
a — ——— - t 
Sub-totals, Nymphs 272 154 69 28 14 537 5 
Eggs 0 154 138 84 58 434 lk 
er a ere i ed ee ee . 
Hatched eggs 0 33 26 | 17 11 87 : 
Dead nymphs, as per cent of total 28:7 \ 26:2 28.2 33.4 43:7 | 26.4 
TABLE XII 
NYMPHAL DEVELOPMENT IN RELATION TO NUMBER OF Blastothrix EGGs PER NYMPH. 
Number of eggs per nymph | Seb: 
Chea ar ts total Total 
0 1 4 3 | 1-3 eggs 
(1) Nymphs developed, _ 
but killed by Blastothrix.. 0 mrs B 13 231 231 
(2) Nymphs developed, 
Blastothrix not developed | <4 17 | 4 | 3 24 461 és 
| | | | 
(3) Nymphs and Blastothrix | | 
underdeveloped......... cast ae 27 10 7 44 | 181 
574 235 41 23 299 | 873 
killed by the parasite had developed beyond the winter dormant condition. 
They were rotund and very much larger than the underdeveloped nymphs, and 
maturity of the parasite may reasonably be accepted as evidence of the growth ‘ 
of the host before its death. The total of groups 1 and 2 therefore represents ‘ 
development in the nymphs. Underdevelopment was 24 per cent in the unpara- ‘ 
sitized nymphs, 11 per cent in the nymphs with one parasite, 24 per cent in the ] 
nymphs with two parasites, and 30 per cent in the nymphs with three parasites, 
or 15 per cent in all parasitized nymphs. Underdevelopment in Eulecanium 1 
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coryli was not caused by parasitization, although there is some evidence in the 
data that the incidence of underdevelopment increased with the number of para- 
sites per nymph. 

Blastothrix killed 77 per cent of the 299 parasitized nymphs, but the success 
of parasitization decreased with increase in number of eggs per nymph: 81 per 
cent in nymphs with one egg, 66 per cent in nymphs with two eggs, and 56 per 
cent in nymphs with three eggs. Turning to the 68 nymphs in which Blastothrix 
failed to develop, it is found that 65 per cent of them occurred among the 
minority group of 181 underdeveloped nymphs, which comprised only 28 per 
cent of the nymphs still living. Although this suggests that retardation of the 
parasite is associated with underdevelopment of the nymphal host, the relation- 
ship is not rigid, since the parasite failed to develop in 24 parasitized but develop- 
ing ny mphs. 

An evaluation of underdevelopment and of the percentage of kill in relation 
to parasite egg density, was obtained by the analysis of successive samples from 
certain nymphal populations. Table XIII shows the results obtained in three 
years at one study point. Parasitism in the three years varied only from 46 per 
cent to 47 per cent. Mortality caused by the parasite varied from 15 per cent 
to 20 per cent, but underdevelopment of the nymphs varied from 17 per cent to 
55 per cent. Almost two-thirds of the potential effectiveness of parasitization was 
lost through the failure of the parasite to develop i in the host. However, in two 
of the three years underdevelopment in the nymphs, which could not be 
attributed to parasitization, more than compensated for ineffective parasitization. 


TABLE XIII 


PARASITE EGG DENSITY AND PERCENTAGE OF PARASITISM IN NYMPHAL SAMPLES ANALYZED IN 
FEBRUARY—MARCH, AND UNDERDEVELOPMENT AND PERCENTAGE OF KILL IN NYMPHAL 
SAMPLES ANALYZED IN APRIL. 


- samples from horse chestnut, V Victoria) 





FEBRUARY—MARCH SAMPLE APRIL SAMPLE 
, aoe a Spee 2 aes Sc, 
Year | No. in Parasite egg | Percent | No.in Percent | Percent 
Sample | density parasitism | Sample | under- |_ killed by 
developed parasite 
| | 
1943 520 a + «2 | 10 6} 17.0) |S 18.0 
1944 | 284 0.655 46.2 | 756 34.5 | 19.7 
1945 201 0.682 47.3 258 55.4 | 13.2 


Similar data for 29 nymphal populations studied between 1943 and 1945 are 
shown in Figure 3. Percentage mortality in April, shown at the bottom of the 
vertical columns, was in the majority of cases far below the actual percentage 
of parasitism, which although not shown, approximated the curved line (see also 
Figure 1). However, the addition of underdevelopment to the mortality brought 
about by parasitization caused the total reduction of the nymphal population 
to equal or to exceed the percentage of parasitism in 22 of the 29 series. 
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PARASITE EGG DENSITY, M 


Fic. 3. Per cent kill and per cent underdevelopment in 29 nymphal samples of Eulecanium 
coryli, plotted over m, the average number of Blastothrix eggs per nymph. The round dots 
represent per cent kill, the vertical bars the per cenit underdevelopment, and the squares 
represent the total of kill and underdevelopment in each sample. The curve represents 
theoretical per cent parasitism based on m in perfectly random distributions. 


Second Generation of Blastothrix in Adult Female Scales 


It has been shown that some of the dev eloping female scales in late April 
and May contain parasite eggs of the first generation which failed to kill the 
host in the nymphal stage. Eggs of the second generation are deposited in these 
females during May. As many as eighteen parasite eggs were noted in one 
female scale, but owing to the difficulty of finding all the eggs in the large bodies 
of the females, few studies were made of the distribution of parasite eggs in 
female adults. However, the number of mature parasites in or emerging from 
female scales was determined in 62 samples. The greatest density of mature 
parasites in any sample was 3.94 (Figure 4) and ten was the largest number of 
mature parasites found in any one female scale. The curve in Figure 4 expresses 
the relation between expected percentage of parasitism and the mean number of 
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Fic. 4. Per cent parasitism in 62 samples of female scales of Eulecanium coryli in relation to 
average number (77) of mature Blastothrix parasites per scale. Otherwise, explanation as in 
Figure 1. 


mature parasites in the female scales. It is derived in the same manner as the 
curve in Figure 1, but the two curves and the plotted samples are not strictly 
comparable, because percentage parasitism and m in the nymphal stage are based 
on parasite eggs, whilst in the adult females they are based on the number of 
parasites which reached maturity. 


The mature parasites were distributed at random in 42 samples. In thirteen 
of the 20 non-random samples, the parasites were overdispersed, and the per- 
centage of females containing parasites fell considerably short of expectation. 
This was also characteristic of several small series judged, by the coefficient of 
dispersion, to be random. 


The chief contrast between the distribution of first generation parasite eggs 
in the nymphs, and the distribution of second generation mature parasites in the 
adult scales, was the tendency toward underdispersion in the former, and toward 
overdispersion in the latter. 
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The number of adult female scales per 12-inch twig was extremely variable, 
but tended to be greater on ornamental plum, apple, elm, and linden, than on 
the other host trees. Ranges in population density encountered from 1942 to 
1945 are shown below: 


ornamental plum 6.4 to 102.3 per 12-inch twig 


apple 7.1 to 67.3 per 12-inch twig 
elm 4.7 to 64.3 per 12-inch twig 
linden 0.6 to 58.4 per 12-inch twig 
maple 1.1 to 16.8 per 12-inch twig 
horse chestnut 0.7 to 14.8 per 12-inch twig 
red alder 0.5 to 6.3 per 12-inch twig 


The greatest densities of mature parasites (3.5 or more per female scale) 
occurred in light populations of mature lecanium females, not exceeding 5 per 
12-inch twig. In heavy populations of 50 or more lecanium females per 12-inch 
twig, the number of emerging parasites did not exceed an average of 1.6 per female 
host. The relation between host and parasite density was studied in 51 population 
samples, and the regression equation is 

m — 1.609 — 0.265 s 
where 7 is the number of mature parasites per female scale, and s is the logarithm 
of the number of mature female scales per 12-inch twig. Similar to the density 
relations of the first generation of Blastrothrix in the nymphal hosts, this shows 
a decrease in relative density of second generation Blastothrix as lecanium scale 
density increases. However, the regression coefficient, 0.265, is not significant 
(P about .10). 


Parasites occurred in both productive and unproductive lecanium females. 
Parasite eggs were counted in one sample, and averaged 8.12 per female among 
25 productive females, and 7.56 per female among 23 unproductive females. In 
ten other samples, subdivided into productive and unproductive females (Table 
XIV), mature parasites were in the majority of cases more abundant in the 
productive females. 


TABLE XIV 


RELATIVE ABUNDANCE OF MATURE PARASITES IN PRODUCTIVE AND UNPRODUCTIVE 
LECANIUM FEMALES. SAMPLES COLLECTED IN JUNE. 


| 
| 





PRODUCTIVE FEMALES | UNPRODUCTIVE FEMALES 
Origin of sample Tete Ee i eae ana a | eae Faas 
No. in Per cent | | No.in | Per cent | 
| Sample /|Parasitism| m | Sample |Parasitism m 
$942, Victoria, 'Glm. .....6....% 20 95.0 | 3.00 | 22 95.5 2.86 
1942, Victoria, linden........ 16 100.0 | = i 16 93.6 3.50 
1942, Victoria, plum. ele 11 90.9 1.45 16 68.8 0.94 
1944, Victoria, linden ........ 195 84.0 2 35. | 26 61.0 1.35 
1944, Vancouver, maple....... 132 48.5 0.98 | 39 43.6 0.85 
1944, Vancouver, elm......... 156 18.0 | O.22 | 85 7.2 0.07 
1944, Abbotsford, alder........| 62 45.2 | 0.77 12 58.3 1.17 
1944, Chilliwack, plum........ 203 45.8 | 0.79 38 63.2 : 32 
1944, Chilliwack, linden....... 158 27.8 0.43 26 30.8 0.38 
1944, Essondale, horse chestnut 61 63.9 1.85 19 57.8 0.84 


Fecundity of productive but unparasitized females was not determined. A 
small series of six females containing from two to nine parasites deposited 10,444 
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eggs (average 1741), and the greatest number of eggs (3360) was deposited by 
the female containing nine parasites. 
These studies confirm the conclusion, reached by Imms (14), that the 


maturing lecanium females are apparently influenced little, or not at all, by 
parasitization by Blastothrix sericea. 


Population Level and Mortality at Representative Study Points 


Individual factors in the life-cycle of the scale and the parasite have been 
considered in preceding sections, and it remains to compare their contribution 
to limitation of specific scale populations. Unadjusted data on scale and parasite 
populations, and on scale mortality, for a number of representative study points, 
are summarized in Table XV. The sampling system was limited by the practical 
consideration that the shade and ornamental trees could not be seriously disturbed 
at any one time, and still be used as a source of subsequent samples. Consequently 
the intensity of sampling was frequently inadequate for accurate population 
estimates of the scale and its parasite. This was the cause of several anomalies, 
wherein the recorded population of the mature lecanium females was greater 
than the recorded population of the preceding nymphs (Brocton Point and 
Agassiz, 1943-1944), or greater than the estimated nymphal mortality would 
permit (Chilliwack, 1943-1944). 

Some explanation of the data in Table XV is necessary. Each generation 
of Eulecanium overlaps the calendar year, and two measures of scale population 
per foot of twig are available: 1) nymphs in the fall and winter; and 2) developed 
females in May or June. One generation of Blastothrix, here called the first 
generation, occurs in the nymphal scales, and average parasite egg density (7) 
and percentage parasitism are determined in the late fall or early winter. Per- 
centages of winter kill, of underdevelopment in the nymphs, and of parasite kill 
are determined in the period February to April. Parasite egg population per 
foot of twig is calculated directly from m and the number of nymphs per foot 
of twig. First generation parasite adult population per foot of twig is calculated 
from the nymphal population and the percentage of nymphs killed by parasites. 

Population measures for the second generation of Blastothrix are determined 
directly from adult female lecanium populations and the average number of 
emerging parasites per female scale. 


Changes in scale and parasite populations can be followed directly from line 
to line, as shown below for Brocton Point. 


Eulecanium Blastothrix 

REPENS Str eee ae : _.. 2.3 female adults 3.2 adults 
Autumn, 1942 ._......-......_ 18.8 nymphs 8.3 eggs 
4. EE Ree ae _ 4.4 adults 
Tm - FS 4.7 adults 
Aum, 1943 14.7 pes 8.4 eggs 
ET AT ALO ase! _ 3.5 adults 
mee TTF. a ee 15.9 adults* 
Autumn, 1944 Tee ? 


*obviously inaccurate, see text 


The data shown in Table XV are not sufficiently extensive to warrant detailed 
analysis, nevertheless the following points of interest should be noted: 

1) Parasite kill of the nymphs almost invariably fell short of the percentage 

of parasitism. The best showi ing was at North Vancouver and Chilliwack, 

1944-45, when the ratio of parasite kill to percentage parasitism was .88: 1 
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and .87:1 respectively. The poorest showing was on linden, Victoria, 
1944-45, when the ratio was .12:1. On the average, only about half of 
the nymphs with parasite eggs were killed by parasites. 

2) The effect of winter kill and underdevelopment on nymphal survival 
varied considerably, but generally exceeded the effect produced by 
parasite kill. 

3) Apart from the interesting records of Blastothrix adult increase from the 
first to the second generation, at Second Beach, Vancouver, from April 
to June of 1943 (0.8 to 15.2 per foot of twig), and on horse chestnut at 
Victoria, from April to June of 1944 (2.3 to 15.4), the data indicate 
rather minor increases at this period, and frequently a decline. The 
hypothesis that Blastothrix populations build up greatly during the second 
generation in the fully formed lecanium females, which can accommodate 
several parasites, is not supported by the data. 

4+) The highest ratio of Blastothrix eggs in the autumn to Blastothrix adults 
in June was 13.0:2.3 (North Vancouver, 1943). In several sequences 
shown in Table XV the ratio did not exceed 2 or 3:i, and in some 
sequences a marked reduction occurred, e.g. 1.6:7.7, Second Beach, Van- 
couver, 1942. The close synchronization in life-history of scale and 
parasite, particularly the prompt oviposition by Blastothrix females emerg- 
ing from the mature female scales, recorded by Imms (14) in England, 
appears to be lacking in British Columbia. The protracted separation 
between the parasite and its host, from early July to early September, 
appears to limit the population increase of the parasite. 


Discussion 


The conclusion reached many years ago by Fiske (7), that the majority of 
parasites appear to distribute their eggs at random among the host insects, has 
more recently been subjected to intensive study. The problem has been viewed 
in terms of the ability of the female parasite to discriminate between healthy and 
unhealthy (parasitized) hosts, and in her ability to refrain from ov ipositing in 
hosts already parasitized. Salt (18) showed that Trichogramma evanescens could 
distinguish perfectly between parasitized and unparasitized host eggs; but restraint 
was imperfect, for on contact with a succession of parasitized hosts, superpara- 
sitization occurred. He also concluded (17) that the ichneumonid Collyria 
calcitrator Grav. discriminated against parasitized larvae of the wheat stem sawfly, 
since the parasite progeny were not distributed at random, but were under- 
dispersed. In analyzing Salt’s data, in an attmept to find the most probable 
mechanism of the discrimination shown by Collyria, Walker (21) tested several 
hypotheses: 1) that the parasite discriminated against larvae parasitized within the 
preceding one, two or three days, owing to an odour left on the wheat stalk by 
the ovipositing parasite; 2) that discrimination might be induced by hatching of 
the previously deposited egg; and 3) that discrimination and restraint might be 
exercised in varying degrees, according to the relative abundance of the parasitized 
and unparasitized hosts encountered by the parasite. The observed distribution 
was in closest accord with the theoretical distribution calculated on the assump- 
tion that the probability of re-attack in any host larva varied with the proportion 
of parasitized hosts. Thus a high degree of superparasitism would not be un- 
expected, during a shortage of hosts, even though the parasites were capable of 
detecting hosts already parasitized. 


Discrimination and restraint in Diadromus parasites of Plutella maculipennis 
pupae were investigated by Lloyd (16). Two species, Diadromus collaris and 
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D. subtilicornis, were compared. Both species rejected host pupae containing 
advanced larval stages of either parasite. When given the option of pupae 
containing eggs, D. collaris females accepted for superparasitization those contain- 
ing eggs of their own kind, but rejected those containing subtilicornis eggs. 
However, D. subtilicornis females tended to Oviposit in pupae containing collaris 
eggs in preference to those containing eggs of their own kind. 


The influence of the parasite- -host ratio on superparasitism of the Mediter- 
ranean flour moth by the parasite Nemeritis canescens Grav. was studied by 
Simmonds (19) in a series of laboratory populations with the ratio of parasite 
females to host larvae ranging from 1: 200 to 10:25. Equal numbers of eggs were 
laid by the parasites regardless of the parasite-host ratio, and the distribution of 
eggs tended toward underdispersion. However, discrimination was imperfect, i 
that the parasite females distinguished parasitized hosts for only a limited aie 


after ov iposition; and restraint was also imperfect, breaking down at the higher 
parasite-host ratios. 


Rather similar conclusions on the relations of the parasite Encarsia formosa 
and its host Trialeurodes vaporariorum W. were reached by Burnett (2). Under- 
dispersion, though not generally statistically significant, was characteristic of the 
lower levels of parasite density. At the higher levels of parasite density (two 
to three eggs per host) there was no evidence of avoidance of hosts already 
parasitized, and egg distributions were at random. 


These examples drawn from the literature show that, in general, parasites 
may distribute their progeny with considerable discrimination where the parasite- 
host density is not great. Underdispersion, non-random distributions and higher 
percentage parasitism than expected on the basis of chance, are rather character- 
istic of low parasite-host densities. At higher densities, the distributions tend 
toward randomness, and the extent of superparasitism approximates that which 


would be expected if the female parasites exercised neither discrimination nor 
restraint. 


The circumstances encountered by Blastothrix in its search for suitable 
lecanium hosts would appear to be extremely favourable to a discriminating 
parasite. The scales are fully exposed on the leaves or twigs of the host tree, 
and any parasite eggs already deposited are marked by the ‘protruding pedicel. 
This is a fixed physical recognition point. The oviposition period in the autumn 
is long and coincides with the fall rains, which‘are frequently very heavy in the 
coastal territory of British Columbia. Therefore one might question whether 
odours left by an ovipositing Blastothrix female could be an effective warning 
over the protracted oviposition period. 


First generation Blastothrix eggs were distributed at random in two-thirds 
of the ny mphal samples (see Table VIII). Keeping in mind that at very low 
parasite densities little superparasitism is to be expected on the basis of chance, 
and that in such circumstances it is difficult to assess precisely departures from 
randomness in samples of only a few hundred hosts, one may conclude that the 
distribution of the parasite progeny was very similar over the range of parasite- 
host densities encountered, i.e., from less than .01 to over 1.0 eggs per nymph. 
Among random distributions there was a tendency, though non- -significant, 
toward underdispersion; and in the non-random distributions this trend toward 
underdispersion was more marked (see Figure 2), characterizing 24 of the 30 
non-random distributions. The evidence is that Blastothrix females, in oviposit- 
ing in the nymphal hosts, deposit eggs more or less at random, though with a 
tendency toward underdispersion which implies some powers of discrimination 
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and restraint. Apparently, the pattern of ov iposition is not related to parasite- 
host density within the range encountered in these studies. 


Widely different stages of the lecanium scale, from underdeveloped nymphs 
to large, rapidly developing females, occur when second generation Blastothrix 
eggs are deposited. The ovipositing parasites showed a strong preference for 
the dev eloping scales (see Table VI). The distribution of second generation 
parasite eggs in the female scales was not studied extensiv ely, owing to practical 
difficulties but the distribution of mature second generation parasites in the female 
hosts was at random in two-thirds of the samples. Departures from non-random- 
ness tended toward overdispersion. Since nothing is known of the success of 
hatch in second generation Blastothrix eggs, in relation to superparasitism, it is 
impossible from the available data to draw any inferences on the distribution of 
the second generation eggs in the lecanium population. 


It has been shown (Table X) that percentage of hatch in first generation 
Blastothrix eggs in the lecanium ny mphs drops as the number of eggs per nymph 
increases. This could be regarded as a mechanism, possibly effected through 
modifications in the nymphal haemolymph (as suggested by Simmonds (19) as an 
explanation of the inhibition of supernumerary parasites of the Mediterranean 
flour moth), to reduce the likelihood of competition by several Blastothrix larvae 
in a host capable of supporting only one. If the data summarized in Table X 
are examined from the viewpoint of the proportion of parasitized nymphs in 
which one or more Blastothrix eggs hatched, it is found that hatch occurred in 

77per cent of the nymphs with one parasite egg, in 80 per cent of those with two 

eggs, in 80 per cent with three eggs, and in 74 per cent with four or more eggs. 
The proportion of parasitized nymphs in which at least one or more eggs hatched 
was therefore approximately the same within the limits of one to four eggs per 
nymph. This circumstance, in conjunction with the data shown in Table X, 
suggests the hypothesis that the first Blastothrix larva to emerge from the egg 
modifies the internal environment in such a way as to inhibit the hatching of 
supernumerary parasite eggs. Nevertheless the mechanism is imperfect, since 
the average percentage of hatch in nymphs containing 4 or more parasite eggs 
was 40 per cent, and as many as four small Blastothrix larvae were observed in 
a single nymph. The lecanium nymph, however, will support but a single 
Blastothrix larva to maturity, and evidently supernumerary larvae are destroy ved 
by the survivor. 


The evidence of host-related diapause in the parasitic Hy menoptera, including 
diapause of internal parasites dependent upon a similar state in the host, has been 
reviewed by Flanders (8). The existence of such a relationship in Blastothrix 
and Eulecanium rests on two lines of evidence: 1). many nymphs, entirely free 
of parasitism, remain underdeveloped during the spring months, and presumably 
never resume development; and 2) although some Blastothrix eggs fail to hatch 
in dev eloping nymphs, unhatched eggs are relatively much more frequent in 
nymphs which fail to develop. However, intensive ‘studies of the initiation of 
development of the host tree, the lecanium nymphs, and of the contained parasites 
are required before the evidence of host-induced diapause can be properly 
evaluated. 


Summary 


1. Blastothrix sericea was the only parasite recovered from the lecanium scale 
in southwestern British Columbia during the course of studies from 1941 to 
1945. It was found in all scale populations sampled in Victoria, Vancouver, 
and the lower Fraser Valley. 
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Eggs of the first generation of Blastothrix, laid in the nymphs during the 
autumn, were in most samples distributed at random, although there was a 
tendency toward underdispersion. The average density of parasite eggs per 
nymph of the scale population was inversely related to the number of nymphs 
per 12-inch twig sample unit. 


The percentage of hatch in first generation Blastothrix eggs averaged 77 per 
cent in nymphs with a single egg, and declined to an average of 40 per cent 
in nymphs with four or more eggs. Nevertheless, the proportion of para- 
sitized nymphs in which at least one parasite egg hatched was relatively 
constant at 74 to 80 per cent, regardless of the number of eggs in the nymphs. 


Second generation Blastothrix eggs are deposited in maturing lecanium 
females in April and May. Distribution of eggs of this generation among 
the hosts was not studied, but mature larvae and pupae of the second 
generation were distributed at random in the majority of samples. Non- 
random samples tended toward overdispersion. 


Factors, other than parasitism, which affect lecanium survival and population 
increase, include winter kill of nymphs, failure of overwintered nymphs to 
develop in the late winter and spring, and unproductivity of fully grown 
but unfertilized lecanium females. No evidence of predation was noted in 
these studies, although it should be emphasized that the method of study 
was not well suited to discovery of predators. 


Population data from representative sampling points, 1942 to 1945, indicate 
that parasitism by Blastothrix, while frequently quite high, usually resulted 
in the mortality of only about half of the parasitized nymphs. Winter kill 
and underdevelopment “of the nymphs were in most cases equal to, or more 
important than, parasite kill in limiting scale populations. The rate of 
parasite increase from the time adults emerged from the lecanium females 
in June until they oviposited in the nymphs in the autumn was usually low, 
and in some cases there was a decrement. The long summer separation of 
the Blastothrix adults from the nymphal scales seemed to limit parasite 
effectiveness seriously. 


More intensive quantitative studies in representative areas are required for 
a truly critical appraisal of the significance of Blastothrix sericea as a factor 
in the biological control of Eulecanium coryli in British Columbia. 

‘ 


References 
Blackman, G. E. Statistical and ecological studies in the distribution of species in plant 
communities. 1. Dispersion as a factor in the study of changes in plant populations. 
Ann. Bot. ns. 6 (22): 351-370. 1942. 
Burnett, T. The distribution of the eggs of Encarsia formosa Gahan with respect to its 
host, the greenhouse whitefly Trialeurodes vaporariorum W. Rev. Can. de Biol. 2 (4): 
378-394. 1943. 
Canadian Insect Pest Review. 16 (1): 72. 1938. 18 (1): 75. 1940. 18 (2): 150. 1940. 
19 (1): 86. 1941. Canada Dept. Agric. Ottawa. 
Clausen, C. P. Entomophagous insects. McGraw-Hill Book Company, Inc. New York. 
1940. 
de Bach, P. The importance of host- -feeding by adult parasites in the reduction of host 
populations. Jour. Econ. Ent. 36 (5): 647-658. 1943. 
Ferris, G. F. Notes on Coccidae XI. (Hemiptera). Can. Ent. 57 (9): 228-234. 1925. 
Fiske, W. F. Superparasitism: an important factor in the natural control of insects. 
Jour. Econ. Ent. 3: 88-97. 1910. 


Flanders, S. E. Diauause in the parasitic Hymenoptera. Jour. Econ. Ent. 37 (3): 408- 
411. 1944. 











is 
lo 


ost 











LXXXV THE CANADIAN ENTOMOLOGIST 181 


(9) Glendenning, R. The lecanium scale outbreak in Vancouver, B.C. Proc. Ent. Soc. B.C. 
22: 21-26. 1925. 

(10) Glendenning, R. The lecanium scale. An insect affecting fruit and shade trees on the 
Pacific Coast. Canada Dept. Agric. Cir. 77. 1931. 


(11) Glendenning, R. The progress of parasite introduction in British Columbia. Proc. Ent. 
Soc. B.C. 28: 29-32. 1931. 


(12) Glendenning, R. A successful parasite introduction into British Columbia. Can. Ent. 
65 (8): 169-171. 1933. 


(13) Glendenning, R. On the control of Eulecanium coryli (L.) in British Columbia by the 
parasite Blastothrix sericea (Dalm.). Proc. Fifth Pac. Sci. Cong. Canada 1933, 5: 3543- 
3545. 1934. 


(14) Imms, A. D. Observations on the insect parasites of some Coccidae. Quart. Jour. 
Micros. Sci. 63: 293-374. 1918. 


(15) Kloet, G. S. and W. D. Hincks. A check list of British insects. Stockport, England. 
1945. 


(16) Lloyd, D. C. Further experiments on host selection by hymenopterous parasites of the 
moth, Plutella maculipennis Curtis. Rev. Can. de Biol. 1 (6): 633-645. 1942. 


(17) Salt, G. Superparasitism by Collyria calcitrator Grav. Bull. Ent. Res. 23 (2): 211-216. 
1932. 


(18) Salt, G. Experimental studies in insect parasitism. I. Introduction and technique. II. 
Superparasitism. Proc. Roy. Soc. B. 114: 450-476. 1934. 


(19) Simmonds, F. J. The occurrence of superparasitism in Nemeritis canescens Grav. Rev. 
Can. de Biol. 2 (1): 15-58. 1943. 


(20) Snedecor, G. W. Statistical methods. 4th edition. Iowa State College Press, Ames, 
Iowa. 1946. 


(21) Walker, M.G. A mathematical analysis of superparasitism by Collyria calcitrator Grav. 
Parasitology 29: 477-503. 1937. 


(22) Yagi, N. Determination of living and dead insects of Coccidae by the reaction of 
methylene blue. Oyo-Kontyu 1 (1): 1-2. 1938. 


Book Review 


British Pyralid and Plume Moths. By Bryan P. Beirne. Pp. 208; 405 figs., 
including 16 coloured plates. Frederick Warne & Co., Ltd., London and 
New York. 21 shillings net. 1952. 


The Wayside and Woodland Series has added another outstanding book to 
this impressive natural history series. This book allows the amateur or the 
professional entomologist to collect and study an interesting group of Micro- 
lepidoptera that has been considerably neglected because of the absence of a 
compilation and consolidation of the scattered information dealing with this group. 


The book deals with three families of Pyraloidea: the Pyralidae, the Pter- 
ophoridae, and the Orneodidae. Readily intelligible keys are provided to dis- 
tinguish the families, sub-families, genera, and species. Detailed descriptions are 
given for the recognition of the species, and considerable information on life- 
history, habits, and distribution of each species is included. All of the native 
species and most of the immigrants and introductions are illustrated from coloured 
photographs. I review this book with envy when I realize the paucity of know- 
ledge available on this group of moths in North America as compared with that 
in Britain. T. N. FREEMAN 
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An Electrophysiclogical Approach to the Study of Chemical 
Sensory Reception in Certain Insects 


By Joun A. CHAPMAN!_AND Roperick CralG 


Department of Zoology, Montana State University and Division of Entomology 
and Parasitology, University of California, Berkeley 


Introduction 


In the past twenty years or so many investigators have studied amplified 
electrical activity from nerve fibers supplying sensory receptors in many animals, 
including insects (see 2, 5, 8, 16, 19). With this technique much information 
has been secured concerning the characteristics of mechanical receptors (touch, 
pressure, sound, etc.) and photoreceptors. To a much lesser extent temperature, 
pain, taste and other chemical receptor activ ity in vertebrates has been studied 
although no electrical potentials appear to have been recorded from individual 
olfactory nerve fibers in any organism. 


None of the chemical senses are well understood (12) and certainly with 
insects, a group in which chemical sensory physiology has a practical aspect 
(see 7), a technique is needed which permits objective analysis of sensory 
receptor response to stimulation. 

The study described here was carried out to try to determine whether or 
not the use of insect nervous systems, known to include chemical sense organs of 
high efficiency and with a physical arrangement of structural elements basically 
different from that in the vertebrates, would permit a successful electrophysio- 
logical approach to the study of chemical reception, particularly olfactory 
reception. 


Methods 

Electrodes consisted of 36 gauge (0.005” diameter) silver wires reduced to 
tapering points, which were at times formed into hooks, by repeated dipping in 
dilute nitric acid. Saline filled and silver wire in glass microelectrodes with tip 
diameters from three to a hundred microns and two to a hundred microns 
respectively were also used. These electrodes were independently controlled 
by a Taylor type screw feed micromanipulator. 

Amplification of nerve potentials was obtained with a differential input 
capacity-coupled push-pull amplifier of the ty pe frequently used in electroence- 
phalography (14). The output of the amplifier was fed in parallel to a Du Mont 
type 208 B five inch oscilloscope and to an audio amplifier with speaker, per- 
mitting both visual and auditory monitoring of electrical activity. Permanent 
records consisted of photographs of single sweeps on the oscilloscope screen. 


Experimental insects were taken from laboratory reared colonies or captured 
locally. Most of the investigations were based on the American cockroach, 
Periplaneta americana, the honeybee, Apis mellifera and the drone fly, Eristalis. 
However, antennal nerve preparations from all of the following insects (adults) 
were also studied: tomato horn worm, Protoparce; scoliid wasp, Campsomeris; 
grasshopper, Schistocerca; blow fly, Phormia; June beetle, Pleocoma, and the 
German cockroach, Blattella germanica. 


Olfactory and common chemical sense stimulants used were mostly single 
chemical substances. The followi ing list represents those tried on almost all 
experimental individuals although many other substances were used also, to a 
lesser extent: smoke (from extinguished matches), ether, ammonia (10°, conc. 
ammonium hydroxide in water), 10% methanol, 10% formalin, diethylamine, 


1Experimental work carried out in partial fulfillment for the Ph.D. degree. 
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Tarsal nerve-Periplaneta: mechanical stimulation. 

Antennal nerve-Eristalis: spontaneous activity. 

Isolated leg, femur, Phormia: mechanical stimulation tibia. 
Proboscis nerve-Eristalis: mechanical stimulation. 

Cercal nerve-Periplaneta: mechanical stimulation. 


Amplifier noise level for Figs. 1-5. 
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skatol, coumarine, xylol, turpentine, acetic acid (glacial), methy] salicylate, amyl] 
acetate, carbon dioxide (gaseous). 

Gustatory stimulants tried were as follows: saturated glucose solution, satur- 
ated sodium chloride solution, quinine sulphate (0.001 M and crystals), Bouin’s 
solution diluted one to twenty with water, 10° methanol, and hydrochloric 
acid, 1 N and 0.1 N. Generally these stimulants were applied only when 
recording from mouthpart nerve preparations or leg nerves. 


The saline solution used to facilitate dissection and exposure of the nerves 
and to prevent drying of the preparations consisted of 8 gm. NaCl, 0.2 gm. 
KC1, 0.2 gm. CaCl,, 0.2 gm. NaHCO,, in 1000 ml. distilled water. 


Procedure 


Entire insects or isolated parts (legs, heads, or antennae) were placed on 
small paraffin plates and securely held in position by plasticene. The nerve 
trunks to be studied were carefully exposed by dissection with razor blade scalpels. 
For most direct nerve recording one hook electrode was placed under the nerve 
trunk and another placed in adjoining tissue. With a slight raising of the hook 
electrode and simultaneous removal of the saline from that region with a fine- 
tipped pipette, some kind of electrical activity was usually detectable in the 
preparation. Due to drying of the exposed nerve trunk “such a preparation 
would last only from 30 seconds to two or three minutes, depending on the size 
of the trunk, without further addition of saline. At times both electrodes were 
hooked under the same nerve trunk, in which case they were separated by a 
distance of two millimeters or over. 


A considerable amount of electrical activity following peripheral sensory 
stimulation appeared to originate within the head capsule of various insects and 


this activ ity was studied by pushing electrodes through small cuts at the base 
of each antenna. 


Mechanical stimulation was carried out by touching regions peripheral to 
the location of the electrodes, particularly at joints or hairs, with a fine glass 
needle, or by directing a weak puff of air through a fine tipped nozzle to those 
areas. For ‘olfactory or common chemical sense stimulation clean toothpicks 
were dipped into the various test substances and held near but not in contact 
with the parts to be stimulated. Smoke and gaseous carbon dioxide were applied 
by being passed slowly over the peripheral regions of the preparations. For 
gustatory stimulation solutions were placed directly on peripheral regions, or 
various amounts of stimulating substances were slowly added to saline solution 
bathing these areas. Thermal stimulation was accomplished with a warm to 
hot needle, with procedure otherwise similar to that for chemical stimulation. 


Microelectrode studies were largely confined to antennal tissue of the honey- 
bee, described as containing large numbers of sensory structures, many of them 
apparently olfactory receptors (18). Microelectrodes were slowly introduced 
into antennal tissue preceding and during chemical stimulation. The reference 
electrode, consisting of silver wire, was inserted into nearby tissue. 

Many nerve trunks in which electrical activity was studied were examined 
histologically. Sections were prepared and stained with a modification of 
Bodian’s silver stain (15). Fresh material was also examined, after teasing with 
fine needles. 

Results 


Various types of electrical activity were found in the insects studied and 
may be classified as follows: 1) spontaneous activity (both peripheral and 
central), 2) activity apparently correlated with mechanical injury of tissue or 
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Fig. 7 Fig. 8 





Fig. 9 Fig. 10 





Fig. 11 


Fig. 7 Antenna to antenna-Periplaneta: spontaneous activity. 

Fig. 8 Antenna to antenna-Periplaneta: intermediate response to chemical stimulation. 

Fig. 9 Antenna to antenna-Periplaneta: maximum response-chemical stimulation. 

Fig. 10 Antenna to antenna-Periplaneta: spontaneous activity and response to mechanical 
stimulation (records read right to left). 

Fig. 11 Amplifier noise level for Figs. 7-10. 
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drying of nerve preparations, 3) indirect response to chemical, mechanical, 
thermal and electrical stimulation of the antennae, originating within the head 
capsule and presumably reflex in nature, 4) direct response, in nerve trunks, to 
mechanical stimulation of peripheral structures or regions. 

In none of the nerve trunk preparations studied during the course of this 
investigation was there an audibly or visibly detectable electrical response 
following any kind of chemical stimulation. 


Spontaneous activity or response to mechanical stimulation, showing what 
clearly seemed to represent single nerve fiber potentials, appeared in several 
nerve trunks in many different insects (see Figs. 1-5). Many of the nerve 
potentials, even from such small nerve trunks as that in the femur of the blow 
fly leg, or antennal nerves of the drone fly, were of far greater magnitude than 
the amplifier noise level. 


The following indications that artifact potentials did not confuse interpre- 
tation of results are presented. Preparations killed by immersion in Bouin's 
solution gave no electrical activity with any type of stimulation. Isolated leg pre- 
paration showing spontaneous electrical activity and also response to mechanical 
stimulation gradually lost activity or ability to respond to stimulation when a 
stream of gaseous carbon dioxide was directed to it. Such a preparation would 
slowly recover after the carbon dioxide was removed. With nerve preparations 
showing some degree of activity, mechanical vibration of electrodes had no 
perceptible effect on the record unless contact with nerve or tissue was actually 
broken. 

Microelectrode recording from honeybee antennal tissue gave no detectable 
activity of any kind. However, when the microelectrodes were inserted into 
central ganglia of the head and thorax regions of both the honeybee and the 
drone fly, very definite spontaneous activity as well as clearly defined series of 
injury potentials were frequently noted. 


When recording from antenna to antenna, considerable spontaneous activity 
occurred in both intact and decapitated insects. Much of this activity occurred 
without visible signs of any head or antennal muscle contractions. Mechanical, 
electrical, thermal or chemical stimulation with many substances would cause a 
marked and sudden increase in this electrical activity ‘(see Figs. 7-10). Although 
antennae were held immovable by plasticene, contractions of basal antennal 
muscles seemed to accompany the increase in electrical activity and similar 
stimuli in insects with unrestricted antennae were followed by movements of 
these structures. The spontaneous activity and response just mentioned would 
both disappear following application of gaseous carbon dioxide to the specimen. 

In all nerve trunks examined histologically many nerve fibers 0.5 microns or 
smaller were found to be present. Antennal nerve trunks consisted mostly of 
fibers of this size or smaller although in leg or mouthpart trunks there were 
many larger fibers, some ranging up to 15 microns in diameter. 


Discussion 

Nerve fiber size, potential amplitude and function 

No attempt will be made to cover this considerable aspect of Neurology, 
ree some generalizations relevant to this particular study are given (see 

, 5, 8, 13, 16, 19). 

In most nerve trunks or nerve ganglia of the wide variety of vertebrate and 
invertebrate organisms which have been studied, nerve fibers and cell bodies vary 
greatly in size. Amplitude of nerve action potential appears to be directly 
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proportional, or closely so, to the size of the nerve fiber, and presumably the 
nerve cell body. Velocity of conduction of the action potential appears to be 
correlated with fiber size in the same w ay as does fiber potential amplitude. 
Also, the physiological and morphological ‘characteristics of a nerve appear to 
be related to its function. The size, potential amplitude and conduction veloci- 
ties of the various types of nerve fibers seem to range in general with function 
of the fibers from maximum to minimum values in the following sequence: motor 
and mechanical sensory (touch, pressure, sound etc.) fibers, photoreceptor fibers 
and temperature, pain and chemical sensory fibers. There may be considerable 
ov erlap between the groups given but the relationship seems to hold for most 
organisms. 


Technical limitations to the study of nerve fiber potentials 


The limitations of electronic voltage amplification are well known (11). 
When “ers with living nerve fibers other limitations are encountered. Zotter- 
man (20, 21) gives an analysis of the possibilities of detecting electrical activity 
in the smaller nerve fibers of vertebrates. He concludes that under the best of 
conditions it would be possible to record individual action potentials from fibers 
three microns and larger in diameter but that this probably represents the lower 
size limit. 


Evaluation of results of this study 


This and other investigations show clearly that many insect nerve trunks 
contain fibers of sufficient size to give individually detectable electrical potentials. 
However, it is also apparent from histological studies that for insect nerves there 
exists a considerable range of fiber sizes even within a single nerve trunk. Con- 
sidering the size of vertebrate nerve fibers as related to recorded potential ampli- 
tude and nerve function, it seems very possible that only the motor or mechanical 
sensory fibers of insects are large enough to permit single unit study by electrical 
methods. Dethier and Chadwick (7) report two different attempts, neither one 
successful, to record electrical potentials from chemical sensory fibers of insects 
(see also 6). The results of this study agree with their findings. 


Invertebrate nerve fibers seem less efficient than vertebrate fibers of a com- 
parable size from the standpoint of potential amplitude. This characteristic of 
a nerve fiber is very difficult to measure except with single isolated units. It is 
easier to measure conduction velocity, however, and as pointed out this seems 
to bear the same relationship to fiber size as does potential amplitude. A com- 
parison of vertebrate and invertebrate nerve fibers from the standpoint of 
conduction velocity, based on the data available, shows that the invertebrate 
fibers conduct nerve impulses considerably more slowly than equal size vertebrate 
fibers do (16, 19). This difference appears to be correlated with the differences 
in biochemical and structural make-up of invertebrate and vertebrate fibers. It 
would thus appear that for comparable sized nerve fibers, vertebrate material 
gives much larger electrical potentials and also that the invertebrate fibers in 
which electrical potentials can just be detected above amplifier noise levels are 
larger than the vertebrate fibers giving a similar level of activity. 


Single fiber activity does not appear to be detectable in vertebrate ““C” group 
fibers, which have long been designated as unmyelinated and which include the 
primary olfactory fibers. Most fibers in this group appear to be around one or 
two microns or smaller in diameter. Since many insect nerve fibers, especially 
in antennal nerves, are considerably smaller than one micron, it can be concluded 
that present methods of recording electrical activity are inadequate for detecting 
individual insect chemical sensory fiber potentials. 
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It is felt that lack of response to thermal stimulation in many preparations 
giving large potentials following mechanical stimulation also indicates that many 
insect nerve fibers are too small to give detectable electrical activity. 

With respect to the electrical activity recorded from basal regions of the 
antennae of many insects it may be said that the situation still needs clarification. 
The scattered arrangement of muscle bundles within or adjacent to the head 
capsule of insects and thus their close proximity to central nerve cells and nerve 
trunks, and the fact that muscular activity seems to follow the same type of 
stimulation which gives rise to such definite increases in electrical activity raises 
a question as to the participation of muscle potentials in these responses which 
cannot be answered on the basis of this work. 

There have been several reports of the detection of electrical activity in 
various central regions of vertebrate nervous systems following olfactory stimu- 
lation (1, 3, 4, 9, 10, 17). Muscle potentials were not a source of interference 
in the animals used. However, it must be said that although positive responses 
to olfactory stimulation were detected in all cases, the indirect approach does 
not seem to hold much promise in terms of analysis of the mechanisms of olfactory 
sensation and of the characteristics of the receptors involved. 

The fact that electrical, thermal or mechanical stimulation of antennae brings 
about a response similar to that following chemical stimulation suggests that in 
each case the response is due to a general nervous and muscular activ ity pattern, 
reflex in nature, and normally involving movements of the antennae. It is 
likely that the chemicals used stimulated common chemical sense receptors rather 
than specific olfactory receptors. 


Summary and Conclusions 


Electrical potentials following several types of sensory stimulation were 
studied in various nerve trunks of several species of insects. “These nerve trunks 
supplied regions known to include chemical sense receptors, and emphasis was 
placed on attempts to record electrical activity following stimulation of chemical 
sense receptors. In most of the nerve trunks studied spontaneous electrical 
activity or response to mechanical stimulation of peripheral regions was clearly 
detected. However, there was no sign, in any preparation, of a direct response 
to chemical stimulation. 

With electrodes inserted into basal regions of the antennae of several insects, 
so as to pick up central nervous system potentials at these points, a considerable 
amount of spontaneous electrical activity and also a definite electrical response 
to chemical, mechanical, thermal and electrical stimulation of the peripheral 
regions of the antennae was noted. This response coincides with contractions 
of antennal muscles and can be considered as reflex in nature. It appears to be 
part of a general avoiding reaction involving the antennae and may be due to 
stimulation of common chemical sense rather than olfactory receptors. 

Evidence is presented which indicates that with present methods it is not 
possible to study mechanisms of chemical sensory reception in insects by 
analysing electrical activity of nerve fibers supplying these receptors. 


Literature Cited 


1. Adrian, E. D. 1942. Olfactory reactions in the brain of the hedgehog. J. Physiol. 100: 
459-473. 


2. Adrian, E. D. 1947. The Physical Background of Perception. Oxford, Clarendon Press. 


3. Adrian, E. D. and C. Ludwig. 1938. Nervous discharges from the olfactory organs of 
fish. J. Physiol. 94: 441-460. 





nw 


of 


ks 
as 
al 
al 
ly 
se 


(): 





LXXXV THE CANADIAN ENTOMOLOGIST 189 


4. 


Allen, W. F. 1943. Distribution of cortical potentials resulting from insufflation of 
vapors into the nostrils and from stimulation of the olfactory bulbs and the pyriform 
lobe. Amer. J. Physiol. 139: 553-555. 


Bronk, D. W. 1935. The mechanism of sensory end organs. Ass. Res. Nervous and 
Mental Diseases Vol. 15. Williams and Wilkins, Baltimore. 


. Dethier, V. G. 1941. The function of the antennal receptors in lepidopterous larvae. 


Biol. Bull. 80: 403-414. 


. Dethier, V. G. and L. E. Chadwick. 1948. Chemoreception in insects. Physiol. Rev. 


28: 220-254. 


. Erlanger, J. and H. S. Gasser. 1937. Electrical signs of nervous activity. U. of Penn. 


Press, Philadelphia. 


. Fox, C. A., W. A. McKinley and H. W. Magoun. 1944. An oscillographic study of 


olfactory system of cats. J. Neurophysiol. 7: 1-16. 


Hasama, B. 1934. Uber die elektrischen Begleiterscheinungen an der Riechsphare bei 
der Geruchsempfindung. Pfliigers Arch. ges. Physiol. 234: 748-755. 


. Johnson, J. B. and F. B. Llewellyn. 1935. Limits to amplification. Bell System Tech. 


Jour. 14: 85-96. 
Moncrieff, R. W. 1944. The chemical senses. Leonard Hill, London. 


. von Muralt, A. 1946. Die Signaliibermittlung im Nerven. Birkhauser, Basel. 


. Offner, F. 1937. Push-pull resistance coupled amplifiers. Rev. Sci. Inst. 8: 20-21. 


Power, M. E. 1943. The brain of Drosophila melanogaster. ]. Morph. 72: 517-559. 


. Prosser, G. L. 1946. The physiology of nervous systems of invertebrate animals. 


Physiol. Rev. 26: 337-382. 


. Rose, J. E. and C. W. Woolsey. 1943. Potential changes in the olfactory brain produced 


by electrical stimulaion of the olfactory bulb. Federation Proc. 2: 42. 


. Snodgrass, R. E. 1934. Anatomy and Physiology of the Honeybee. McGraw-Hill, New 


York. 


. Welsh, J. H. and W. Schallek. 1946. Arthropod nervous systems; a review of their 


structure and function. Physiol. Rev. 26: 447-478. 


Zotterman, Y. 1936. Specific action potentials in the lingual nerve of cat. Skand. Arch. 
Physiol. 75: 105-120. 


. Zotterman, Y. 1939. Touch, pain and tickling; an electrophysiological investigation on 


cutaneous sensory nerves. J. Physiol. 95: 1-28. 











190 THE CANADIAN ENTOMOLOGIST May 1953 


Chauliodes disjunctus Walker: a Correction, with the Descriptions 
of a New Species and a New Genus (Megaloptera: Corydalidae)' 
By E. G. Munroe? 

Systematic Entomology, Division of Entomology 
Ottawa, Canada 


Shirtly after the appearance of my earlier paper (Munroe, 1951) on 
Chauliodes disjunctus, Prof. G. J. Spencer, of the University of British Columbia, 
wrote to me that he had two kinds of chauliodine males, one agreeing with what 
I described as the male of disjunctus, and another which he considered to be the 
true male of that species. 


Professor Spencer most courteously offered me his material for study. 
Examination shows that his conclusions are correct. The males that I supposed 
to belong to C. disjunctus are of another and undescribed species, and the 
differences that I ascribed to sexual dimorphism are in fact of at least specific 
value. My reference of the supposed male of Chauliodes disjunctus to the genus 
Protochauliodes of course remains unaltered, so that, although a new specific 
name is required for this form, the phylogenetic and distributional theories that 
I advanced do not need to be materially changed. The characters of wing- 
venation in which the female of C. disjunctus differs from the species of Neo- 
hermes and Protochauliodes are, however, present also in the true male, where 
they are reinforced by characters of the genitalia. I therefore think it advisable 
to erect a new genus for C. disjunctus. 


As this paper was being prepared, a female of the new species was forwarded 


for identification by the Division of Forest Biology, Canada Department of 
Agriculture, completing the chain of evidence. 





1. Protochauliodes spenceri, 3 genitalia, lateral aspect. 
2. Protochauliodes spenceri, 4 genitalia, ventral aspect. 


Protochauliodes spenceri, new species 
Figs. 1, 2 
Protochauliodes disjunctus, Munroe, 1951: 33 (8 only; err. det.) 
Male. Frons, clypeus, and mouth-parts shiny light brown, frons and clypeus 
somewhat rugose; mandibles weak. Antennae close together, moniliform, densely 


c 1Contribution No. 3001, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
anada, 


2Agricultural Research Officer. 
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and uniformly covered with short pile. Vertex and occiput largely powdery 
gray, with a few raised, shiny, brown areas on the occiput; lateral and ventral 
surfaces of head shiny brown. Compound eyes blackish, large and protruding, 
ocelli large, yellowish, close together, looking anteriorly and laterally from raised, 
blackish bosses. Pro-, meso-, and metathorax dark brown, sparsely clothed with 
fine, gray hairs. Legs rather short, densely covered with short fuscous pile; fore 
tibiae noticeably bent. Abdomen blackish. Genitalia as figured. Venation 
similar to that of Protochauliodes cinerascens Blanch., as figured by van der Weele 
(1910, Pl. III, Fig. 23). Membrane of wings transparent, fore wing and distal 
half of hind wing weakly but densely striated and spotted with dark brown, the 
markings stronger anteriorly on each wing; fore wing with an arcuate fuscous 
mark extending between R, and Cu near the base, covering crossvein m-cu. 
Veins of fore wing and anterior half of hind wing blackish, those of posterior 
half of hind wing becoming progressively lighter brown toward the anal margin. 
Length of fore wing: 31-35 mm. 

Female. Similar to male in external characters, but larger. Length of fore 
wing: 41 mm. 

Range. Vancouver Island. 

Holotype, male. Duncan, B.C.; 28.VII.1918; W. Downes; in the Ganadian 
National Collection. 

Allotype, female. Langford, B.C.; Aug. 1, 1951; D. Evans. In the Cana- 
dian National Collection. 

Paratypes:—In the Canadian National Collection: One male; Goldstream, 
B.C.; June 23. 

In the collection of the University of British Columbia, Vancouver, B.C.: 
One male, Goldstream, B.C.; July 27, "1923; K. KE. Auden; one male, near De- 
parture Bay, Nanaimo, B.C., July, 1911; Hooke Bros. 

Type No. 6002, C.N.C. ; 

This species may be distinguished from disjunctus by its smaller size, by the 
fact that it has the wings finely striated and spotted rather than coarsely spotted 
and blotched, by the simple third branch of R,, and by the unangled genae, as 
well as by the configuration of the male genitalia. 





3 





3. Dysmicohermes disjunctus, 4 genitalia, lateral aspect. 
4. Dysmicohermes disjunctus, 8 genitalia, ventral aspect. 


Dysmicohermes, new genus 
Figs. 3, 4 
Type: Chauliodes disjunctus Walker, 1866. 
Structure in general as in Protochauliodes spenceri, but with the following 
differences: mandibles stronger; antennae of male evenly pilose, but with some 
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slightly longer setae on ventral surfaces of segments; genal angles marked; fore 
tibiae hardly curved; thorax, except for pronotum, densely clothed with ‘coca 
hair, almost woolly; wings with third main branch of R, strongly and regularly 
forked; gonopods ‘of male deeply bifid. 

From Neohermes the new genus differs in the angulate genae, the shorter 
male antennae, without whorls of hair, the bifurcation of the third main branch 
of R,, and the more deeply bifurcated superior appendages and the much less 
strongly developed genital valve of the male genitalia. 

So far as I know, only the type species, Dysmicohermes disjunctus (Walker), 
is referable to the genus. The true male is closely similar to the female in 
appearance; the genitalia are as figured. The material loaned by Professor 
Spencer, together with the three specimens in the Canadian National Collection, 
shows that disjunctus has a wide range in southern British Columbia, extending 
from Vancouver Island at least as far east as Kaslo. The life-history remains to 
be worked out. 
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